Background. Aim of this study was to assess the role of peritoneal fluid sampling for detection of bacterial infections due to Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG), and Mycobacterium tuberculosis (MT) in women undergoing laparoscopic investigation. The potential link between microbiological positive result(s) and types of gynecological pathology was also evaluated.
Introduction
Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) infections rank among the four most common bacterial sexually transmitted infections (STIs) worldwide (21) , thus representing a great public health concern due to severity of their potential long-term sequelae in women. Indeed, both organisms are major causes of pelvic inflammatory disease (PID), which in untreated women can result in tubal factor infertility up to 40% of the cases (27) . However, non-sexually transmitted infections caused by Mycobacterium tuberculosis (MT) can also cause infertility (22) , and these infections are typically associated with high overall virulence (1) . In particular, genital tuberculosis should always be considered in young patients who present with unexplained infertility (22) .
Recently updated guidelines from the National Institute for Health and Clinical Excellence (NICE) recommend to routinely perform laparoscopic investigation in women with suspected tubal and other pelvic pathologies (i.e. endometriosis, previous ectopic pregnancy, etc.) (20) . Thus, despite being an invasive, expensive, and labor-intensive procedure, laparoscopy (with direct tissue biopsy) remains the diagnostic gold standard, especially for genital tuberculosis (22) . In addition, routine infertility/subfertility diagnostics include the CT antibody test to decide for laparoscopy or not in order to diagnose tubal pathology; nonetheless, the positive and negative predictive value of this test is such that many unnecessary laparoscopies are performed and many tubal pathology cases are undetected (13) .
Taking advantage of a quasi-anecdotal evidence (16, 17) , in many hospitals peritoneal fluid samples, taken at the time of laparoscopy, are N o n -c o m m e r c i a l u s e o n l y usually submitted to microbiological examination in order to assess not only the presence of CT but also of NG and MT (3) . In this context, but only for CT organism, it is noticeable that 18 (47.8%) of 38 infertility patients did show peritoneal fluid CT infection and/or endometrial CT infection, whereas 8 of the 18 patients (5 of whom with PID) were negative for CT DNA in cervical samples (26) .
In the present study, we aimed at assessing the role of peritoneal fluid diagnostic in CT, NG, and MT infections among fertility and nonfertility patients who were laparoscopically investigated at a referral hospital in Rome. Using microbiological PCR-based and/or culture tests, we calculated the prevalence of CT, NG, and MT infections in groups of women with different gynecological pathologies. Finally, results from these tests were evaluated by comparison with those of clinical and/or histopathological examinations.
Materials and Methods

Patient samples and medical records collection
We performed a retrospective data analysis of clinical samples for which microbiological examination was requested, that were obtained from child-bearing aged women hospitalized at the surgical ward of the Gynecology Unit (San Carlo Hospital of Rome) who had laparoscopy as a part of their fertility or non-fertility workup. The samples were all peritoneal fluids that were aspirated, and the washing of the pelvic peritoneum was made with 300 mL of saline solution followed by aspiration using a laparoscopic cannula during the surgery (22) . The clinical samples were collected over a period of seven calendar years (2009) (2010) (2011) (2012) (2013) (2014) (2015) . The exclusion criteria were i) insufficient chart documentation for the diagnosis of reproductive disease, ii) malignant or borderline neoplasms, iii) HPV-related cervical lesions, and iv) blood-contaminated samples. The study was done according to good clinical practice.
Based on clinical and/or histopathological findings, patients were categorized as having or not one or more of the following benign diseases/conditions: i) endometriosis of the ovary, ii) ovary pathologies other than endometriosis (i.e. cyst, dermoid cyst, polyp, etc.), iii) fallopian tube pathologies (i.e. hydatid cyst, ectopic pregnancy, etc.), and iv) uterus pathologies (i.e. leiomyoma, endometrial polyp, adenomyosis, etc.).
Diagnostic tests
The GEN-PROBE® APTIMA® Assay (APTIMA CT assay) for CT, a target amplification nucleic acid probe test, was used for detecting CT ribosomal RNA in all the peritoneal fluid samples sent to the Clinical Laboratory Unit of the above-mentioned San Carlo Hospital. All samples were also subjected to standard microbiological methods (microscopic examination, culture on primary media, and subsequent organism identification) for NG and MT detection.
Statistical analysis
Data analysis was performed using the SPSS software version 22.0. The results were reported by means of descriptive statistics (mean ± SD; absolute or relative frequency), and data were analyzed using the Student t test for continuous variables and the Chi square test or Fischer's exact test for categorical variables, depending on the sample size of subgroups. A P value <0.05 was considered significant. Odds ratios with 95% confidence interval (95%CI) were used to estimate the strength of association between CT, NG, or MT positive samples and different patient groups.
Results
In the study period, peritoneal fluid samples were obtained from women during routine laparoscopic investigation and were microbiologically tested for the detection of CT-specific nucleic acid and for the culture of NG and MT organisms. selected women with their samples, which resulted in a total of 1377 samples included in the analysis. Patients' demographic and clinical characteristics are presented in Table 1 . All the 1377 patients were women of child-bearing age (14-50 years); 463 (33.6%) had endometriosis, whereas 1179 (85.6%) had a pathology/condition other than endometriosis. No histopathological alterations were found in 71 (5.2%) of 1377 patients. Among the endometriosis patient group, the majority of cases occurred in women 31 to 40 years aged (n=238, 51.4%), whereas only 2 cases occurred in women ≤20 years aged (Figure 2 ). Among the nonendometriosis patient group, most frequent pathologies were cysts (n=179) and dermoid cysts (n=139) of the ovary, leiomyomas (n=482) and endometrial polyps (n=109) of the uterus, and hydatid cysts of the fallopian tubes (n=92). There were also 11 cases of ectopic pregnancy ( Table 1) .
As shown in Figure 1 , none of the peritoneal fluid samples included in the study had a positive culture result for NG or MT; conversely, 30 (2.2%) peritoneal fluid samples tested positive for CT molecular detection. Excluding 3 samples from women with no histopathological alteration, the remaining positive samples were from patients with endometriosis (n=12, 40.0%; of whom 2 diagnosed concomitantly with another ovarian or uterine pathology) and non-endometriosis pathologies such as ovarian (n=5, 16.6%), uterine (n=7, 23.3%), and tubal (n=1, 3.3%). One patient had both hydatid and dermoid cysts and one patient had a leiomyoma diagnosed together with an ovarian cyst.
Considering women with no histopathological alteration as a reference [odds ratio (OR)=1], the analysis shown in Table 2 indicates that no significant association was found between a peritoneal fluid sample positive for CT and a histological diagnosis of only endometriosis [OR, We also conducted a literature PubMed search for relevant articles on the topic of endometriosis and CT infection. The retrieved articles are summarized in Table 3 and are discussed below.
Discussion and Conclusions
Despite the increasingly recognized importance of extra-genital locations of NG and MT infections, that can now rely upon highly sensitive and specific detection tests such as nucleic acid amplification tests (NAATs), none of 1377 patients in our study had a peritoneal fluid that tested positive for NG or MT. However, we did not use a PCR-based method but rather conventional methods for detecting both the infections; yet, certainly, we could rule out the diagnosis of genital tuberculosis because of the absence of characteristic lesions (i.e. caseating granuloma; reviewed in ref. 22) in the tissues obtained from suspected organ (tube, ovary, and peritoneum) sites during laparoscopy (data not shown). Beside to pointing out the cultural negativity of all our samples, these findings led us to focus the bulk of our discussion onto CT infection, given also the not too scarce number of peritoneal fluid samples found positive for a CT-specific NAAT (see below).
It is notorious that CT infection is linked to serious reproductive pathologies, including PID, ectopic pregnancy, and infertility, in women (19) . To prevent the ascension of the chlamydial organism into the upper genital tract, women with a CT diagnosis, usually made by using NAAT on the endocervical swab (4), should be promptly and appropriately treated. In agreement, triage of women screened by the gynecologist for infertility/subfertility and laparoscopy is advised to include preliminarily the CT antibody testing (2) . Nonetheless, the performance of current serological tests may limit the assessment of the burden of chlamydial infertility (19) ; yet, regardless of test performance, a recent analysis of estimates, based on the serological (antibody) evidence from previously published data, showed that the proportion of tubal factor infertility episodes due to CT infection is 45% (credible interval, 28 to 62%) (24) . Accordingly, CT antibody testing allowed to predict at least one normal tube in 100% of infertile women without history of abdominal or pelvic surgery, PID, and endometriosis (25) . While CT ascension may not be the primary pathological determinant, it is certainly involved in the development of tubal pathology; yet, the presence of CT organism in the fallopian tubes is often unnoticed due to the difficulties of specimen collection from the upper genital tract (19) .
Some decades ago, studies conducted in Italy reported the CT positivity (determined by McCoy cell culture method) in samples from the fallopian tubes of infertile women, suggesting that tubal sampling should have been included in the routine workup for infertility (16, 17) . Since that time, no evidences were further available except for one study by Villagrana Zesati et al. (26) , published in Spanish language in 2013. The authors, indeed, documented the persistence of CT-specific DNA (i.e. OmpA gene) in endometrium and peritoneal-fluid, but not cervical-swab, samples of infertile patients. Surprisingly, clinical sampling of peritoneal fluid is a currently adopted practice at the time of diagnostic and/or surgical laparoscopy, particularly in Italian gynecological settings, of which the present study provides a valuable example. In this context, the peritoneum or the Douglas's pouch could represent an additional intracellular niche (17) for a highly evolved or ancient pathogen such as CT (19) , supporting the notion that CT organisms are able to persist (and grow slowly) in a range of human cell types including macrophages and mucosal epithelial cells (10) . Noteworthy, in one study, the rate of CT infection in infertile women has not increased following the sampling from multiple sites (cervix, urethra, high vagina, fimbriae, and the Douglas cavity), which suggested that routine PCR testing for CT should be confined to cervical sampling (7). The overall prevalence of CT in our study was 2.2%. Although the McCoy cell culture-based method has been traditionally considered as the gold standard for CT detection, NAATs offer greatly expanded sensitivities of detection (usually well above 90%), while maintaining very high specificity (usually ≥99%) (15) . Nonetheless, culture for CT is quite specific, but this contrasts with the fact that samples of tubal washings/exudates are typically culture negative (14) . The APTIMA CT assay, used in the present study, is a second generation NAAT; it utilizes target capture, transcription-mediated amplification, and hybridization protection assay technologies to amplify chlamydial specific rRNA, which is then indicative of the presence of viable organisms. For this reason, the percentage of CT positive samples in our study was higher than that reported by other investigators (6, 7, 23) . In a prospective study by Dietrich et al. (7), CT was detected in the cervical, vaginal, and urethral specimens of 2 (0.9%) of 202 women; one patient with tubal occlusion of both tubes had a history of PID, and the other patient with tubal occlusion of one tube had no history of PID. In the same study, 42 (20.8%) of 202 patients had serum samples that tested positive for CT antibodies, whereas only 1 of the 2 above-mentioned patients had CT antibodies (7) . It should be noted that APTIMA CT assay is US FDAcleared for clinical use on cervical, vaginal, and male urethral swab specimens, as well as female and male urine specimens. However, testing of additional reproductive tract specimens using a commercially available NAAT is not unadvised (18) , provided that laboratories are in compliance with CLIA for test modifications (4). We are aware that all APTIMA CT test results of the present study were interpreted by clinicians within the context of the patient-specific information to determine appropriate patient management (data not shown).
Article
To our knowledge, this is the first largest survey of peritoneal fluid a Endometriosis cases were diagnosed by laparoscopic investigation in all of the studies listed. b Peritoneal or fallopian tube fluids were removed at the laparoscopy prior to any other laparoscopic intervention; both fluids were considered as equivalent samples for the review purposes. -, number unknown, because the study data were not retrievable. c ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction; MOMP, major outer membrane protein; rRNA, ribosomal RNA. d Unless otherwise indicated, association between endometriosis and a microbiologically or serologically determined CT infection was always evaluated. Only in 1 study, the association between endometriosis and presence of antibodies against human Hsp60 (60-kDa heat shock protein) was also evaluated (P=0.005 vs other diseases). Yes, found; No, not found. samples of women laparoscopically and/or histologically diagnosed with various reproductive pathologies, encompassing ~35% of endometriosis and another ~61% of various pathologies that affect the ovary and other upper genital tract parts. According to the Haas et al.'s study (9) , 78.6% of our women with endometriosis fall into the premenopausal group (age, ≤40 years) and 21.4% into perimenopausal group (age, 41 to 50 years). The relationship between endometriosis and bacterial infection, that has been prompted by the high incidence of disease together with the observation of pathological lesions resembling punctate blister-like lesions (23), was not clarified until recently. We reviewed, and compared our results with those of four studies aimed at elucidating the role of CT infection in women with endometriosis. Despite the paucity of studies which were the object of our qualitative synthesis, the 20-year temporal interval between the first study (published in 1996) and our study (published presently) denotes either a renewed or always alive interest to this topic. It is relevant that, in almost all of these studies (6, 8, 12, 23) , the clinical samples used were peritoneal or tubal fluids/tissues, which were tested alone (12; this study) and in combination with cervical (6) and serum (6, 8) samples or with tissue samples from ovarian and endometrium lesions (23) . Consistent with these studies, we found that endometriosis was not associated with peritoneal CT infection in women undergoing either a fertility or non-fertility diagnostic workup.
Therefore, endometriosis could be linked with fallopian tube damage (and infertility) significantly, but independently on the chlamydial presence in the peritoneal cavity (3). It is possible that CT triggers a chronic pelvic inflammation, which is essential to the development (and progression) of endometriosis, perhaps through an increased number of activated macrophages and specific cytokine/chemokine profiles (11) . In the meantime, the CT infection-induced immune response (i.e. production of interferon-gamma and pro-inflammatory cytokines) would result in the interruption of chlamydial intracellular replication, the entering of Chlamydia cells into a persistent state, and the consequent inactivation of most chlamydial genes (14) . Otherwise, the long-term release of chlamydial heat shock protein 60, which is associated with the nonreplicative, intracellular persistent CT state, may induce a local proinflammatory immune response in the fallopian tube epithelium, which leads to scar formation and tubal occlusion (10) .
In conclusion, our data confirm that the likelihood of finding CT RNA (or DNA) in clinical samples remains low and sporadic, thereby undermining our capability to assess the clinical significance of CT positivity, particularly when a cross-sectional study is performed. As laparoscopy and biopsy with histological confirmation is to date the primary investigation for endometriosis and other pelvic diseases/conditions (5), the sampling of peritoneal fluid during laparoscopy is not overcharged by surgeon's operational difficulty and patient's risk excess. However, performing microbiological tests on peritoneal fluid samples can be frustrating, and not cost-effective, in view of positivity rates of even zero for NG and MT organisms. If abolition of a well-consolidated clinical practice is more frustrating and then not realizable, it is advised that physicians limit peritoneal fluid sampling only to young women with endometriosis, for whom a positive CT result could be useful to guide clinical and/or therapeutic decisions. In the future, prospective clinical studies using molecular diagnosis of CT infection will serve to definitely clarify the pathway of infection through endometriosis and the development of sequelae leading to infertility.
